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Abstract
C25H23Br2Cl3N2Sn, monoclinic, P21/c (no. 14),
a = 10.9372(1) Å, b = 23.1045(1) Å, c = 11.1856(1) Å,
β = 106.942(1)°, V = 2703.91(4) Å3, Z = 4, Rgt(F ) = 0.0167,
wRref(F
2) = 0.0393, T = 100 K.
CCDC no.: 2100827
Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.
Source of material
The 4-chlorophenylmagnesium bromide was prepared
from the Grignard reaction of magnesium (Merck) and
4-bromochlorobenzene (Fluka) [in tetrahydrofuran].
Tetra(4-chlorophenyl)tin was synthesised from the reaction
of stannic chloride (Fluka) with 4-chlorophenylmagnesium
bromide in a 1:4 M ratio. Then, tetra(4-chlorophenyl)tin
(0.56 g, 1 mmol) and 4-dimethylaminopyridine hydro-
bromide perbromide (Sigma, 0.37 g, 1 mmol) were dissolved
separately in ethanol (50 mL) and refluxed for 3 h. The so-
lutionwasfilteredand colourless crystalswere isolated upon
cooling to room temperature. Yield: 0.39 g (53.0%). M.pt
(Stuart SMP30 digitalmelting point apparatus; uncorrected):
443–446 K. IR (Bruker Vertex 70v FTIR Spectrometer; cm−1):
1647(s) ν(C=N), 1564 (m) ν(C=C), 1213 (m) ν(C–N). 1H NMR
(Bruker Ascend 400 MHz NMR spectrometer; CDCl3; ppm
relative to Me4Si): δ 3.26 (s, 6H, CH3), 6.74 (d, 2H, J = 7.6 Hz,
Pyr–H), 7.41–7.58 (m, 12H, Ph–H), 8.11 (d, 2H, J= 7.6Hz, Pyr–
H); N–H not obs. 13C{1H} NMR (as for 1H NMR): 40.3 (CH3),
106.5, 129.1, 129.8, 134.6, 136.9, 138.1, 157.4 (Ph–C).
Experimental details
TheC-boundHatomswere geometrically placed (C–H=0.95–
0.98 Å) and refined as riding with Uiso(H) = 1.2–1.5Ueq(C).
Comment
Themost closely related literature precedent to the title salt
[HNC5H4NMe2-4][(4-ClC6H4)3SnBr2], hereafter (I), is that of
Table : Data collection and handling.
Crystal: Colourless prism
Size: . × . × . mm
Wavelength: Cu Kα radiation (. Å)
μ: . mm−
Diffractometer, scan mode: XtaLAB Synergy, ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 
Programs: CrysAlisPRO [], SHELX [, ],
WinGX/ORTEP []
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).
Atom x y z Uiso*/Ueq
Sn . () . () . () . ()
Br . () . () . () . ()
Br . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
N . () . () . () . ()
HN . () . () . () .*
N . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB −. . . .*
HC . . . .*
C . () . () . () . ()
HA . . −. .*
HB −. . −. .*
HC . . −. .*
the triphenyl analogue [5]. The motivation behind recent
structural studies [6, 7] which involve the inclusion of
halide substituents in the substituents of organotin com-
pounds is to evaluate the propensity of halogen-bond for-
mation in their crystals. In continuation of these studies,
full crystallographic details of (I) are described herein.
The asymmetric unit of the title structure of (I) is shown
in the figure (70%displacement ellipsoids). The tin atom in
the anion is penta-coordinated by two bromido atoms and
three ipso-carbon atoms derived from the 4-chlorophenyl
groups. The, trans-C3Br2 donor set defines an approximate
trigonal-bipyramidal geometry with the Sn atom lying
0.0520(11) Å out of the C3-plane in the direction of the Br1
atom. The axial angle, Br1–Sn–Br2, is 177.134(8)°. A
discrepancy is noted in the Sn–Br bond lengths with Sn–
Br1 [2.7055(2) Å] being shorter than Sn–Br2 [2.8056(2) Å] by
about 0.1 Å.
Similar structural features are noted in the literature
precedent [HNC5H4NMe2-4][Ph3SnBr2], but as the anion has
crystallographically imposed two-fold symmetry, the two
Sn–Br bond lengths are equivalent [2.7801(3) Å]; the Br–
Sn–Br angle is 178.64(2)°.
The most prominent connection between the constitu-
ents of the salt in the crystal is a charge-assisted pyridinium-
N–H/Br hydrogen bond [see the Figure; N1–H1n/Br2:
H1n/Br2 = 2.51(2) Å, N1/Br2 = 3.2841(19) Å with angle at
H1n = 147.4(18)°]. This feature of the molecular packing
readily accounts for the elongation of the Sn–Br2 bond
lengthwith respect to theSn–Br1 bond (seeabove). Layers of
molecules, two molecules thick, assemble in the ac-plane
and feature pyridinium-phenyl-C–H/Br [C23–H23/Br2i:
H23/Br2i = 2.81 Å, C23/Br2i = 3.740(2) Å with angle at
H23 = 165° for symmetry operation (i) x, 3/2−y, −1/2+z] and
methyl-C–H/Br [C25–H25b/Br1ii: H25b/Br1ii = 2.87 Å,
C25/Br1ii = 3.823(2) Å with angle at H25b = 165° for (ii) −1+x,
3/2−y, −1/2+z] interactions. Additional stability to the layers
is afforded by close methyl-C–H/π(chlorophenyl) and
phenyl-Cl/π(chlorophenyl) contacts. The layers stack
along the b-axis without directional interactions between
them [8].
To gain more insight into the molecular packing,
following literature precedents [9], the Hirshfeld surfaces
and two-dimensional fingerprint plots were calculated on
the two-molecular aggregate with the use of Crystal Ex-
plorer 17 [10]. The overwhelming majority of surface
contacts involve H, i.e. H/H [27.1%], Cl/H/H/Cl
[25.6%], C/H/H/C [24.2%] and, to a lesser extent,
Br/H/H/Br [12.8%]. The next most significant contacts,
reflecting, in part, the intra-layer phenyl-Cl/π(chlor-
ophenyl) contacts are Cl/C/C/Cl, at 4.9%. Putative
halogen-bonding contacts between Cl and Br are negli-
gible and occur at separations greater than the respective
1268 S.M. Lee et al.: Crystal structure of C25H23Br2Cl3N2Sn
sums of the van der Waals radii [8], i.e. Br/Cl/Cl/Br
[0.7%] and Cl/Cl [0.3%].
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